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WALTER LUM ASSOCIATES, INC. 
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MR. WATSON LEE 
Watson Lee, Inc. 
33 South King Street, Suite 512 
Honolulu, Hawaii 96813 
Dear Mr. Lee: 
Subject: Ahuimanu Heights Estates 
Preliminary Soil Report 
(for residential development) 
Kahaluu, Koolaupoko, Oahu, Hawaii 
Tax Map Key: 4-7-31: 7, 9 & 10 
June 28, 1972 
In accordance with your request, soil explorations were made to determ;ine 
general soil condit·ions at the proposed residential development site for 
4buimanu Heights Estates, Kahaluu, Koolaupoko, Oahu, Hawai:i. 
The site :j.s covered with tall grass, brush and trees. A gully crosses 
thru the central portion of the site. 
The surface soils at the site may be generally described as medium to 
stiff reddish.,...brown clayey silts and silty clays ("MH" soils) mixed with 
some decomposed rocks. 
The present plan is to fill the gully • . Construction of fillS, particularly·· 
. in the gully, should be done with care. Subdrai~s along low spots and 
granular fills along the toe of the slope should be used. 
Settlement gages should be installed to monitor the performance of fills 
over the existing gully. 
The proposed light residential houses may be supported either directly 
.on the stiff existing ground or on compacted fills constructed from the 
on,.site soils. 
·The earthwork should be done in accordance with the requireni.ents of Chapter 
23, Revised Ordinances of Honolulu, 1961 As Amended, and the recommendations 
contained herein. 
MR. WATSON LEE; June 28, 1972 2 
This report includes a Boring Location Plan, boring lo~s, laboratory test 
results, recommendations and limitations. 
EK:rmf 
Respectfully submitted~ . 
. WALTER LUM ASSOCIATES, INC. 
' 4-v0. 4::~b ... ·.· 
Ezra Koike. 
Professional Engineer 
Hawaii No• 1450 
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SCOPE 
The purpose of this exploration was to determine general soil conditions 
. for residential development for the proposed Al1uimant1 Height;~:? • tstates. 
th:is report includes field explorations, laboratory tests and general 
recommendations and limitatiQns for site grading and residential foundation-
design considerations. 
~IELD EXPLORATION 
Eight exploratory borings were made .at the site.·. The locat~ons. of these 
borings are shown on the Boring Location Plan. Descriptions of the under-
lying soils en~ountered ~re shown on the boring logs. 
BoringS were ~de with 3 and 4-in. diameter· augers using a carbide drag bit 
. . . . 
or a ·finger type. bit •. Soil samples were recovered with. 2-in. diameter · 
thin-wall tube samplers and a standard split.spoon_sampler driven with 
a 140-lb hammer falling 30 inches. 
LABORATORY TESTS 
La:boratory tests included: natural water content and density, unconfined 
compression, Atterberg limit, grain-size analysis, AAS.HO T-180-57 density, .. 
. . ' 
expansion and CBR. 
A summary of. the ;LaboJ:atory test resul1:s :ts given in Tables IA thru ID. 
SOIL CLASSIFICATION SYSTEM 
Soil samples were visually observed ap,d subjected to appropriate tests 
in the laboratory. Based on visual observations and laboratory tests, 
the soil descriptions given on the boring logs are genetally,made in 
ac<;.ordance with the ''Unified Soil Classification System•" 
GENERAL SITE CONDITIONS 
The proposed site is located in Kahaluu along the south side of Ahuimanu· 
Road across the intersection of Poomau Street. 
The proposed site is covered with tall grass and trees. Wire fences, 
several horses and an existing house were noted on the site. 
The exi~ting ground generally slopes doWI:ifrom west to east at about a. 
3% grade with variations in localized areas. 
A gully crosses the central portion of the site and slopes down. toward · 
the east at about a 6% grade with side slopes of about 40 to 60% grades. 
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INTERPRETATION OF SOIL CONDITIONS 
From the field explorations and laboratory test results, the soils may 
be generally described as follows: 
Medium to stiff rec:l<iish-btown clayey silts and silty 
clays (''MH" soils) mixed with some decomposed rocks 
·to about is ft, the depth drilled. 
Water was noted at about 10 to 13-ft depths in the borings during the 
field explorations. 
For more detailed descriptions of soils encountered in the borings, refer 
to the boring logs. 
DISCUSSION AND RECOMMENDATIONS 
In general, the p~oposed plan is. to c~~ portions of the higher grQund and 
fill the gully and grade the site for residential development. 
Cuts and fills over most of the si.te will vaey from little to. about 10 ft. 
Fills from little to about 24ft are planned in the gully area • 
. Before fills are placed it;l the gully or drainageway, trenches should be. 
cut in a herringbone pattern and subd.rains placed in the trenches to 
. provide drainage paths for the bottom and sides of the drainageway. 
Loose or soft soils along the "bottom .and sides of the $ully and 
particularly at the toe of slopes should be stripped to firm ground. 
:-.· 
Settlement gages should be installed .to monitor the perfortil.aJ::l,ce of fills 
over the drainageway. After allowing the ground to consolidate for 3 to 
6 months or when settleJ;llent gage~;~ shownegligible rates of settlements, 
building construction may proceed over the compacted fill. 
Bec.ause of decomposed rocks, some boulders may be encountered iD. the · 
deeper excavations. Theboulders may be used to construct rock buttresses 
at the toes of slopes. See Figure 1. 
High moisture soils may be encountered in the deeper cuts. If used for. 
the constructio~ of fil:J..s,. col!lpact:ion may be difficult:. ·.A minimUm density 
.. of 85% of .AASHO density is recommended~ and 90% wherever practicable. 
' • I 
A grassed storm water retention basin about 8 ft deep with a spillway 
at the southern edge is planned for Lot 12. 
'.:., .,,. 
The responsibility for the design construction and.maintenance of these 
temporary structures shoUld be left to the contractor. . ._, .. 
Site Grading . 
In general, the on-site soils may be used for the.construction 
of the proposed f.ills. Grad~~g work shoqld be done i~ accordance 
with the requirements of Chapter 23, Revised Ordinances of 
. Honolulu, 1961 As .Aineiided; and as recommended below: 
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1. The area should be Cleared and grubbed. 
Su~face vegetation and miscellaneous debris 
should 'be.cleared and. removed p~ior to site 
filling. 
2. Loose surface and stockpiled soils should be 
3 • 
. ' 
strlpped to stiff natural·ground before the 
placement of fills. Loose surface soils at 
finish grade should be scar.ified and recompacted. · 
Localized soft pockets encountered during.· the 
. site preparation should be excavated and back-
/ 
filled.with compacted select material. 
4. Thin sidehill fills (sliver fills) on sloping 
areas should be ~voided. 
5. Where fills are prop()sed on sidebill areas, · 
gullies and natural drainageways; loose material 
at the bottom and sides should be. stripped 
down to stiff natural ground before the place-
ment of fills •. New fills should be keyed into 
the stiff natural ground. 
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6. Where fills are proposed in natural drainageways 
or gullies, trenches should be cut· in a herringbone ···.. . 
pattern along the bottom and sides before the 
. . . . . ' •'. . ~ 
. ' 
placement of fi:lls. Subd.rains should be placed 
in the trenches. · The locations of subdrains should 
be determined in the field after clearing and 
grubbin~. 
7. Fills should be const~ud:ed in approximately . 
level layers starting ·at the lower end and 
working upward. Where fills are made on 
sloping areas steeper than about 5 horizont~ 
to 1 vertical, the ground at the toe of the 
fill should be benched to a'generally levei 
condition. As the fill is brought up, it 
shou,ld continually be. keyed into stitf.natural. 
ground by cutting steps into the slopes and 
compacting the fill into these steps. 
8. If boulders are proposed to be used in the 
construction of fills, they should be generally 
placed along the.toe sections of fill slopes. 
and outside of probable building sites. Before 
placing any boulders, the subgrade should be .·. · 
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·,' 
·e· 
stripped to. stiff natural ground and shaped 
t.o drain. A layer of filter material. should 
be placed. on the subgrade and the boulders 
placed on the filter layer. The void spaces 
between boulders should be filled with granular 
material. A blanket of filter. material should 
be placed against the boulders·.· before earth 
fills are placed against the boulders. See 
the attached sketch, Figure 1.· 
9. Fills should be l(lid ix;t 6-:in,. compacted layers 
to 90% of the maximum density determined br 
the AASHO T-180~57 test method. 
However, the on-site soils from the deeper cut 
a_reas generally will have relatively high water .. -
contents a.nd may be dif~icu_lt to coU1pact. In· 
. . . . . 
. . . . ., ·. 
such cases, the construc:tiop of fills s}:lould be : 
c~mpacted in one-foot or thinner layers to the .· .· 
maximum density obtainable in the laboratory 
at the water content approximating the.field 
I!loisture condition. In addition, the relative 
density of the compacted soil should be greater 
than 85% of AASHO T-180-.57 density. 
- 7 .... 
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10. Provisions shou~d be ioclud~d to drain the 
site during and after filling operations. 
Slopes 
In genera~, cut and fill slopes. of 2 horizontal ·to l vertical . 
or flatter should be used. 
If slope heights ·(top to toe) of greater than 20 ft are 
considered, 8-ft":"wide benches. should be placed at height 
intervals of about 15 ft. 
To minimize · erosion., the runoff from rainstorms should be . · 
diverted away from slopes.by berms or ditches whepever 
practicable. 
The surface of fill slopes should be compacted by cat-tracking 
or with a sheepsfoot roller. 
Slope planting is recommended on cut and fill. slopes. to miirlmize · 
erosion. 
Slope adjustments or other precautions may be necessary if 
seepage zones, expansive clay pockets or soft spots are 
encountered in localized areas. 
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Foundations 
For the proposed light :tesidenti.al structures, conventional · 
house foundations such as slab-on-gromtd or post-and-beam 
construction may be used. 
Generai reconnnendations for· foundation design are as follows: 
1. Bearing values for· a give11 soil usually vary . 
with the size and depth of footings.· For 
2. 
light residential structures, bearing values 
of about 1500 p.s.£. may be used for footings 
on stiff. natural g:tound or on compacted fills.· .. · 
Soft spots or- pQckets of loose material 
encountered ill footing excavations or below 
the building area should be excavated and 
replaced with well-g:taded granular ~te:tial 
such as coral or other approved material. 
3. Concrete slabs on ground shou].d be pl<!ced. 
over a base course of 4 in. of well-graded 
gravel'less than .3/4-in. and greater than 
1/4-in. in size. The subgrade should be 
· compacted and shaped to a level surface or 
to drain, if practicable, and generally 
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should be kept slightly higher than the 
finis'b. grade outE;;:i,de the building. 
4· Because of t:he downhill creep effect of soils 
on a slope-, some settlements may occur near -
the tops of slopes. Buildings should generally 
be placed about 15 ft from the tops of slopes. 
This distance may be reduced for lower slope 
heights, e.g., 10ft for 10-ft-high slopes~ but 
generally ~ot closer than 5 ft from the top of 
any slope. 
5. Construction of retaining walls on slopes 
should generally be avo:i,ded. 
6. Good surface drainage away from the foundations 
of structures should be maintained and the 
Roadway 
site should be graded to prevent the ponding- ·. 
of ·water. 
In general, an estiniate of the roadway pavement thickness-
for the light aut01IlObile traffic anticipated isas follows: 
1. Wearing course - 2~in. asphaltic concrete. · 
- 10 -
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e·· 
2. Base course 6~in. base course. 
3. Subbase course - 6-in •. select material over 
a prepared subgrac:le• •. 
Provisions should be made in the contract do~uments to ctllow ... · 
for local adjustments regarding select borrow subbase and .· 
borrow material requirements in the field in accordance. with 
.. • 
the design standards of .the City and County of Honolulu. In· 
fill a:r:eCJ,s, the \lSE! of SE!lect soils within the top 2 to 3 ft 
of the subgrade may reduce the thickness of or eliminate the· 
. . 
need for the select borrow subbase or borrow.courses. 
The subgrade should be compacted and shaped to dtain. To 
avoid the ponding of water and softening of .the subgrade at · 
low points, weep holes should be placed at subgrade levels 
thru the walls . of the catch basins which· are placed in these 
low areas. 
Existing Cesspo_ols 
."\,., 
Cesspools may be encountered generally near locations where 
old residences were located. . Cesspools encountered shoUld--·· .. -
be flagged in the field, located on the.plans and then 
bac;l<:filled. 
Before backfilling, sludgeshould be removed from the bottom 
of the cesspool. Backfill material should general~y be fairly 
well-graded grat1~_lar materl,.al. The t114tet'ials should' be placed 
in thin level layers and rammed into place or.compacted with 
vibratory equipment. The top 3ft should be _constructed with 
soils similar to. the surround:ing soils and s_hould be constructed 
in 6,...in. compacted layers. 
Utilities 
Utilities should be. placed after the fillS are constructed.· 
. . 
Utility lines should be desig:ned with flexible joints, 
particularly where lines are connected to structures. i 
Unforeseen Conditions 
Unforeseen or undetected conditions such as soft spots, seepage 
water or expansive soil pockets may occur in localized areas and 
will have to be adjusted and corrected in the field as they are 
·.detected. 
,• .. ··. 
..,,". 
Site Regrading 
. After mass grading work is done and cuts and fills· are made 
·according to the grading plans, regrading at some future date 
should be avoided. unless done.under the guidance of a Soils 
Engineer.· 
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PROPOSED SPECIFICATION FOR EARTHWORK 
AHUIMANU HEIGHTS ESTATES 
General Description 
This item shall consist of clearing and grubbing, preparing of 
·land to be filled, excavating and filling of the land, spreading, 
' . 
compacting and testing ot the fill, 8,Jld subsidiary worl.t necessary for 
grading the site. 
Clearing, Grubbing and Preparing Areas to be Filled 
. Vegetation, rubbish and miscellaneous material shall be removed 
-: ·":, 
.a:nd disposed of, leaving the disturbed area With a ne~t, debris-free 
appearance. 
Loose surface and stockpiled soils shall be stripped to stiff natural· 
ground before the placement of fills. Loose surface soil_s encountered at 
.finish grade shall be scarified and recompacted. 
. .. ·: .·.; -.. _. · ... 
The bottom and sides of gullies or natural c:irainageways shall be 
stripped down to stiff. natural ground before the placement· of fills. 
TrenchE!s shall be cut in a herringbonepattern and subdrai.ns placed 
in the trenches to provide drainage paths for the bottom of the drainageway. 
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Materials 
Fill material shall consist of selected on-site soils or approved 
borrow soils. The soils shall contain no more than a trace of. organic 
and deleterious matter. 
Borrow s.oils shall be select soils generally less than 3-in. maximum· 
size, with more than 30% fines and a plasticity index generally less 
than 20. 
Fill material placed in the top 2 ft of fills shali contain less 
than 30% gravel. 
Placing. Spreading and Compacting F-ill Material 
The selected fill material shall be placed. in level laye-rs which, 
when compacted, shall not exceed 6 inches. Each layer shall be spread 
. . . 
evenly and thoroughly blade-mixed during the spreading to insure uniformity 
of material and water content within each layer. 
Rocks or cobbles shall not be allowed to n~st and . voids between 
.. rocks shall be carefully filled and compacted with small.stones -ot earth. 
. . 
When the water. content of the fill material is well belOW, tli,e 
optimum .for compacting purposes, water shall be . added Until the. water 
content assures a tl:lorot]gh bondi.ng durin,gthe _compacting process. 
When the water content of the material iS well above the optimum· 
for compacting purposes, the fill material shall be aerated by l>l~difig 
or by other satisfactory methods until the water content is D.ear the optimum • 
. ,,. ,, 
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After each. layer has been placed, mixed and spread evenly, it shall 
be co~pacted to 90% of maximum density in accordance with AASHO Test No. 
T-180-57 or other comparable density tests. Com:pacti9n, shallbe with 
sheepsfoot rollers~ multiple~wheel pneumatic-tired rollers or other 
acceptable rollers which shall be able to compact the fill to the 
specifieti den8ity. · Rolling s]lall be accomplished While the fill material 
is at the specified water content. The rolling of each layer shall be. 
continuous over its entire area and the roller shall make sufficient 
passes to. obtai~ the desired den,sity. 
Field det1.$ity tests shall be made to get.an indication of the 
compaction of the fill. Where sheepsfoot rollers are used, the soil. 
. . 
may be disturbed to a depth of several inches. . De11sity readings shall . 
be , taken as often as. necessary in the compacted material below the 
disturbed surface. When these readings indicate that ·the density of 
any layerof fill or portion thereof is below the required 90% density, 
that layer or portion shall be reworked until the required density .has 
been obtained. 
. The fill operation shall be continued in 6-in. · compacted layers, . · 
. .... ', 
as specified above, until the fill has been brought.to the finished slopes 
and· grades as shoWI1 on the· accepted plans. 
Compaction of High Moisture Fill Material 
. The on-site soils from the deeper cut areas. with relatively high 
water contents will be difficult to compact. · 
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When used for the construction of fills, these soils shall be 
compacted in one-:foot layers to the maximumQ.e!lSity ·obtainable in the 
laboratory at the water content approximat;Lng the field 1Jl.Oisture condition. 
In addition, the relative density of the. compacted soil shall be greater · · 
than 85% of AASHO Test No. T-180-57 •. 
Boulder Fills 
If boulders are used fo~ tl)e construction of fills,. they s_hall be' 
generally placed along the toe section .of slopes •. The subgrade shall pe . 
stripped to stiff natural ground, shaped to dtain and a layer of filter 
material shall be pl~ceQ. on it. Nesting of boulders· shall be avoided. 
Voids shall be filled with smaller gr~ular soils. A blanket .of filter 
mat-erial _shall be placed against the boulder· fiil before CQnstruction of· 
fills against it. 
Backfilling of Old Cesspoo].s 
-The following procedures shall·be followed for backfilling: 
(1) Sludge R~oval 
·. . . .. 
~ove the sludge from- the bottom of the old cesspool .· .. ; 
. ·.·· 
by (a) pumping or (b) by clamshell or any. other suitable 
- ' 
' ' ' 
way. The material shall be disposed.of:away from the 
. 'site. The completeness of removal sh~11 be verified by 
. . : . . 
probing and the sludge shall be less than. 12 in. at the · 
bottom. 
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(2) Granular Fill (below 3 ft from finish grade) 
Use granular material,· graded from 6 to 0 inches. The 
fines passing the No. 200 sieve shall be less .than 10%~ 
The inate~!als shall be placed in thin layers (12 in .. 
maximum) and compacted with vibratory equipme~t to 90% 
of AASHO T.,..lSQ-57 .density. Ramming each layer into 
place with a clamshell bucket will be allowed •. The 
granylar fill shall be wetted before place,Illent into the 
. . ' . . 
cesspools •. Sufficient compaction, tE!~ts shall bE! con-. · 
• ducted to verify that . 90% compaction is obtained by the 
construction method selected. 
(3) T_op 3 Ft o£ Fill 
e Linings encountered in the cesspools within the . top 3 .ft 
from fin.ish grade sh.all __ be removed. The fill within the 
top .3ft from finish grade shall. be.constructed from on-
Excavation 
site soil in thin layers (6-in,. COJ11pacted th!ckp.ess) to 
90% of AASHO T--lSQ-57 density. ·The matei:ial.at .finish 
,:;. . 
grade shall blend with. the surrounding soil. 
Suitable material from excavation shall be used ill the fill and 
. unsuitable material from excavation shall be disposed of • 
..;, 5 -
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Unforeseen Conditions 
If unforeseen or U]ldetected critical soil conditions such as soft · 
spots, seepage water or expansive soil pockets are encountered, corrective 
measures shall be made in the field as they are detected. 
· Rainy Weather 
Fill material shall not be placed, spread or rolled during · 
unfavorable weather conditions. Wh¢n the wor~ is interrupted by heaVy . 
rain, fill operations shall .not be resumed until field tests indicate 
that the water content and density are as previously specified. < , 
. •.;·,. 
·,·.:' 
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BORING LOGS 
The stratification lines shown on each of the bating logs represent 
the approxim~te boundary between soil types and the transition may 
be gradual. 
Symbols 
Symbols used genetaliy are ::l.n accordancewith the Unified Soil 
Classification System. 
Where a parenthesis "(MH)" is used, the soil sample was classified 
by visual observation of the sample recovered. 
Where no par.enthesis nMH" is used, the soil sample was classified 
from either the Atterberg limit or sieve analysis t·est results. 
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l;z~~C!l~\· M~ 2~~bW! 
Mt;DIUM MtDIUM 
tv1H MH 
11.~ 
~biUYeA-l ... -
eii 
b\ 
\_1 
---
Qutc.~ 
~\G:aBI 
St..tbfti,MED. 
tv\ I-I 
" ~ -· "' .. - - -
- WALTER LUM ASSOCIATES, INC. I 
_ CIVIL, STRUCTURAL. SOILS ENGIIiiE€RS 
• 
--
' -
-A\1\A\MAt\U \-t~\0~{'7 . e:?fPr1€.'?_ 
TABLE lL - SUMMARY. OF LABORATORY TEST RESULTS 
BORING NO. 
SAMPLE NO. 
DEPTH BELOW SURFACE 
DESCRIPTION 
GRAIN~SIZE ANALYSlS 
(% Passing) 
Sieve 
1" 
1/2" 
114 
1/lO. 
- .1120 
1140 
1/lOO 
. 11200 
ATTERBERG L.lM:1TS 
·- Air Dried or Natural 
Liquid Limit 
Plastic I.t:r:ilit 
Plasticity Index 
Dilatailcy 
·Toughness 
Dry Strength_ 
UNIFIED.SOIL CLASSIFICAtioN· 
APPARENT SPECIFIC GRAVITY 
EXPANSION AND CBR TESTS 
(Surcharge-51 P.S.F.) 
Molding.Moisture,% 
Molding Pry Dens:i,ty, p.C.F~. 
Swell upon saturation, % 
CB:R at 0.1" Penetration 
MOISTURE-DENSITY RELATIONS OF SOILS 
(MSHO T-180-57 M~thod_) 
.Dry to Wet or \vet to Dry 
Max. Pry Density (P.C.F.) 
Optimum Moisture (%) 
REMARKS: 
Date ~- I q ·1"Z. By 
NAilAt<:A~ 
"\"2. 
Mto.- Q\.\\Q< · ·. {.(~ \ C..K 
~,~f.Mf;p. . ~\£::»"1'- -. 
M~DIUM M~D\IAM 
NbDAieAl ... 
.1\?J' 
. QIAtt.JS 
2t..\G:»Ht"-~p. 
M'GOtu-JI\ 
__ MH 
WALTER LUM ASSOCIATES, INC. I 
CIVI~ STRUCTURAL, SOILS ENGINEERS 
TABLE I t.... - SUMMARY OF LABORATORY· TEST RESUl.TS . 
BORING NO. 
SAMPLE NO. 
DEPTH BELOW SURFACE 
DESCRIPTION 
GRAiN-SIZE ANALYSIS 
(% Passing) 
Sieve 
'1" 
1/2" 
/14 
1110 
/120 
/140 
. /1100 
11200 
ATTERBERG LIMITS 
· Air Dried or Natural 
Liquid Liniit 
Plastic Limit 
Plasticity Index 
Dilatancy 
Toughness 
])ry Strength 
UNIFIED SOIL CLASSIFICATION 
APPARENT SPECIFIC GRAVITY 
EXPANSION AND CBR TESTS 
(Surcharge-51 P.S.F.) 
Molding Moisture, % 
Molding' Dry Density, P.C.F. 
Swell upon·saturation,% 
CBR at 0 .1" Penetration · 
MOISTURE-DENSITY RELATIONS OF SOILS 
(AASHO T-180-57 Method___) 
Dry to Wet or Wet to Dry 
Max. Dry Density (P.C.F.) 
Optimum Moisture (%) 
REMARKS: 
Date & · \ 'l-1'1.; By 
~ ~ "CV.te.{tL- .· - ~ ~{W~.b:\_; 
10~ l2e, 
5] G:1\ 
4-tp ~1 
Mtt>. -G\.\ IQ< QWC.~ . 
. M.Wl!,ll,t.A ~!;2!:i1'-ME.Q . 
MW'IUM ME.li\LitJ\ 
M~ M~ 
. b\ f3 !V. ~/lrl... 
111 
~~ 
bit= 
~-tv\.~Q. 
M~~-~\&~ 
MW\UM. 
.M\-\ 
WALTEiUUM ASSOCIATES, INC. I 
CIVIl. S~RUCTURAL. SOILS ENGINEERS I 
-- · TABLE I 9~ SUMMARY OF LABORATORY TEST RESULTS . 
BORING NO. 
SAMPLE NO. 
DEPTH BELOW SURFACE 
DESCRIPTION 
. ' 
GRAIN-SIZE ANAl.YSIS (% Passing) 
Sieve 
1" . 
1/2'' 
114 
1110 
1120 
/140 
11.1.00 
11200 
Al'TERBERG LIM):TS 
· Air Dried or Naturc:il 
Liquid Limit 
Plastic Limit 
Plasticity Index 
])i_la tancy 
Toughness 
Dry Strength 
.• 
UNIFIED SOIL CLASSIFICATION 
APPARENT SPECIFIC GRAVITY 
. EXPANSION AND CBR TESTS 
(Surcharge,-51 P.S.F.) 
Molding Moisture, % 
Molding Dry Density, P.C.F. 
Swell- upon sat-uration, % · · 
(;BR at 0 .1" Peil.etraticm -
MOISTURE-DENSITY RELATIONS OF SOILS 
(AASHO T-180-57 Method_) 
Dry to Wet or Wet to Dry 
Max~ Dry Density (P.C.F.) 
Optimum Moisture (%) 
. REMARKS: 
By 
QIAlC-K 
t,;y(!:M'(-MJ.2. 
, 
A 
wm- ro oo 
11.?-
41.0-
. ~· 
WALTER LUNI ASSOCIATES, INC. I · 
Cl'iiil, . StRUcTURAl, SoilS ENGINEERS 
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0 
z 
>-
.... 
0 
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en 
<( 
..J 
a. 
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. PLASTICITY CHART 
PROJECT: AHUIM.A.NU 14c1Go\.HS ESTA.TE-5 
. LOCATION::: KAWALUU I KOOLAUPOKO, OA"U, ~AWA\1·· 
. ~. . ... ~- .· 
_90 
80 -
70 .. 
60 
CH 
50 
40 
30 
20 
10 
/ v CL 
/: 
/ 
/ / 
fl' 
CL-MI- / ML 
0 v 
0 10 20 30 ·40 50 60 70 
LIQUID LIMIT 
' 
DATE G,-1 Cf-1'1. BY __ !?..:...f ..... __ 
~ 
"A'. LINE y / 
/ v 12;0 01"1 \VM) 
v ~ 
-
/ .. • ;,.e 
/ 1'1 'S RF~ 
'lJ_ -.;3-E 
RfA.CE. (~ su .S Sl...l -r~c;... 
... 
~ IS-olTOP) G.J·O 
•l·e • S·D 
\-0 
MH a OH 
80 . 90 100. -110 120 130 . 
WALTER WM ASSOCIATES, INC. I 
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. MOISTURE-DENSITY CURVE. (AASHO T-fS0-57, METHOD ..A..) 
PROJECT•. 
--.-AGGREGATE: '4•• MI~U7 
LOCATION• . i<A~ALUU, KOOLAUf>OKO, OAHU, HAWAII MOLD SIZE: 4="-k :tS1"1·H&if 
. HAMMER: \O\.fk. 1 \ff' \?@f SAMPLE N0.1 CtJ ?U!'~FAce I,.AYERs: ~ · 
SAMPLE DESCRIPTION:. e~Wt-\ SIL.T'j SAND. W/(:;IRA'Ja BLOWS: 'Z.S/t...A'IE€ 
,oo, ~ f<OOTS . I 
-IJ.: 
•• . (.) a: 
-
>-
~ 
·a; 
z 
lJJ 
a 
>· Q:' 
0 
·-- -·-
... 
11\1\AX\M~ M \>f<'l IVE-l'II"AT 
BY 
. 
.. 
' 
/ 7J:f:<i5] lf<-V6ft 
~~':( -*~' \C.-~~ .· 
-1'(;0-
"" 
/. \ ~/' 0 
~ I" ~ 
~~ ~ 
I ~-~ 
10 
~ 
i:s 
~-
~ 
--
::-.i 
-. 
-
- -
40 . so 
WATER CONTENT 
' . 
-~--t:.J,;\f ve. ·-·--· 
Ml'«- ..., ,\0 
.... -
r'-. 
.. 
- ·-
·-
-·. 
- -· 
... 
.. 
' 
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CBR TEST 
PROJECT• 
. . 
LOCATION• t<A:\-\ALULl I 1<00\..t>.UP0\<0, QA\-\U, ~~'NAI\_, __ , ___ -·-·;: 
SAMPLE NO= I ?URf~~~ 
SAMpLE DESCRIPTION 1 ~liAR;<, BRoWN c;.t.P..'{E.'( ~H.J 
0 
<( 
0 
. -
.. 
- . 
/ 
v 
~ ~ 
v 'u~ ~0:?.' ?~~t 
/ 
v .J '7.oo ... 
I ~'c..e~ ~ 0.\'' ?~~~1't kT\0\-\~ 112\to 
\CO 1/ 
I 
1/ 
0 . 0.1 0.2 0.3 
PENETRATION (iNCHES) 
TEST RESULTS• 
MOLDING MOISTURE, %. '?1.1 
MOLDING DRY DENSITY, P. C. F.___...~-z. ___ ';.;...It:>.,._ .. -----
CBR @ 0.1 11 PENETRATION_· ----'-'\JL.;....'Z._· ----'--
~f\'{7 70~~~P A· __ --
DATE 
DATE 
S-'tD .-\'t BY _....!.f...:.;tv\:...!-__ ___ 
S./tS-]'1.. BY-,.-..,..~....:-~..!..- ---
-
L.----" 
p 
~ltk'(lC\ :. '2.15( I 
:-\1.7. 
0.4 
L----
;.-.It>~ 
0.5 
CBR PENETRATION DATA 
PENETRATION LOAD LOAD 
(INCHES) (1.8&) (PSI) 
0.028 \~$ ~~ 
.. 
0.015 0 1~0 ~'J 
0.0 715 lftO \~1 
0._1 00 ~«; \1S 
0.1 2 8 (dzo 'l.o1 
0.115 0 10~ 1.'?;)~ 
0.1 78 1f)O 1.~ 
o.2oo Jb~O 1.11_ 
0.215 0 Jlci.O ~1 
o.aoo l1r.,.o *0 
0,'58 0 (O'Z,O 2140 
0.400 IOJO .3~1 
'0.46 0 u-zo 31; 
0.800 \1$0 "?>~' 
.·AGGREGATE '/4' MttitA~ 
. HAMMER WEIGHT lOt&~. 
HAMMER DROP \ t>" 
No. OF BLOWS Gl.t>\Uj~ 
No. OF LAYERS 5 
WALTER LUM ASSOCIATES, INC. I 
·CIVIl, STRUCTURAL, SOilS- ENGINEERS I 
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CBR TEST 
PROJECT.--
LOCATIONs_ KAHAL.UU 1 KOOL.~Llf'OKO,. OAHU, ~AWA\ \ 
SAMPLE NOf . ''2J ~Rffl..Ge _ _ _ ~~:_-_ 
SAMPLE DESCRIPTION 1~~-eROWN CLAYE-Y . .t;t~I 
'l.SP --· 
11.5-
-z~o 
115 
~ 
- .•. !---'" v-: ~ 
../ 
-· ---v ~ 
_/ 
@.0."2 I ?e.~~ t\aATcO ~·\~~ ~-;.\'t?. 
v - -
150 
...... 
u; 
Q. 
...... \1.~ 
/ 
L. @. o. \'' -~-~f'\ t.:ral\ T\t l'h-\'21 ~:;~It 0" l tl_ I!::> 
v I 
0 
c(· 
0 
..J \00 
iS 
I 
I - .. -
1/ 
.. 
so / 
1<:~ I ---gl -- 0.3 0.4 0. ,Q-IJ ~ch 
-o ~o1u~\~ 0.\ PENETRAtiON (INCHES) 
C,oO(aO\ \-\k"CV..~ 
TEST RESULTS• 
MOLDING MOISTURE, %. . 41 •4: 
MOLDING DRY DENSITY, P.C.F. 1Cr.f? 
CBR@ 0.1" PENETRATION \"Z.'Q 
~h~-~='P-~-~~0. ::-~~~-~:-__ ::.. -;. --
DATE 
DATE 
Si./25--(t.- BY_--=L.:C~· ----
~-'?l-1'- BY __ ..... ?!'-'<. ___ _ 
·-~ ----· ... ..:...:._;_ .:.. .... ~---·. _ ..... _: 
5 
CBR PENEtRATION DATA 
PENETRATION LOAD LOAD 
(INC:HES) (LBSJ (PSI) 
0.025 15 "'1.~ 
o.oa o \JO ~1 
--
0.078 "2.10 ~0 
0.100 ~so \11 
0.1 2 5 t,15 \}f> 
0.1 a o kfo \51 
0.178 ~10 11? 
0.200 S<\-0 t~o 
0.280 yto \q1 
o.aoo to\& 'LOS 
0.'58 0 b40 "Z.I? 
0.400 &5& '?.If> 
0.450 (:.~o '2"2.1 
0.800 1oo 'l.?, 
AGGREGATE -_- '/a,-•· M \HU 7. 
HAMMER WEIGHt \O~f;6. , 
HAMMER DROP !0" 
. No. OF BLOWS I',;IPIY\fl!~ 
. No. OF LAYERS E. 
WALTER LUM ASSOCIATES, INC. I 
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CBR TEST 
PROJECT' .··'--
LOCATION= .. Kb.~ALUU I 1<00\..AUPOKO, . OA~U \-IAWA\\. 
SAMPLE NQ:_ v, su~f.b.C~; 
SAMPLE DESCRIPTION'- ]3ROW~ 5\l..T'fiO:.A~O \N(Gf<A'{6L .§ ROOT~-_- . 
,·, . 
.., 
'\5" 
0 
0 
0 
..... 
u; 
a.. 
-'2f, I) 
Q 
ct 
0 
..J "2 00 
.. 
\So 
\00 
0 
.. 
v 
/ 
' 
- .. 
-
·- ·-
?' v L. 
/ ~ e. 0.( " fEN 
k{ (£.. 0-\" ?~K~1 'r<.ATtoti to5lt 
rw~~ .·· d. PENET:1rfToN Q3 ~t>itl~ 
c.ooteOII'\ lr ~ 
·I ·(INCHES) 
·TEST RESULTS• 
MOLDING MOISTURE, %. --.-. !?4..;...--L,; ..... '\__ _ 
·MOLDING DRY DENSITY, P.C.F. ...... to_.-z...,..,_.. __ 
CBR @ 0.1 11 PENETRATION LO.~ 
t5A'I~ l.;O~ v;~o --k~--
DATE 
OAT~ 
S-lt{-1"l. . BY -~M..;_o ____ ___._.__ 
5-1-4·.:1-i. .... BY~__.;;_~:.:.,.< ___ _ 
_....--. 
~ 
~raA\t ~li~\f;lb 
=\0.~ 
0.4 
CBR. pENETRATION DATA 
PENETRATION LOAD LOAD 
UN<;HES) (LBSJ (PSI) 
0.028 (pO '2.0 
0.08 0 \6r5 Ar~ 
0.078 '2,40 eQ. 
0.100 ~\$ \0~ 
0.1 2 8 ~0 \~'J 
~ 0.180 4-¥' 14-1 o.i 18 ~!:1 \Cd.5 
0.200 ~4.() \~0 
0.28 0 (o"!;~O '2.!0 
o.aoo (!,_iO 'l!10 
IS~l'2·4 . o.S80 14? 'Z4=f> 
105 1.(t;>'Z 
' ' 
0.400 
'0.48 0 f1}0 '211 
. o.8oo ~10 110 
•' AGGREGATE .· Ytir'' MIHU7 ' 
HAMMER WEIGHT \Ot.B!1. i 
.. HA.MMER DROP liQ" 
. No. OF BLOWS %\LMY< 
No. OF LAYERS $· 
Q.5 
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.... -CIVIl, STRUcTURAl, SOILS ENGINEERS I 
~~~~~~m=~~~~~~mQ~~·~~~~~~rb~-·~·~-~~~--·-·-~·~'-•-•~a·~-~--~--------~e-~w-•~--M~,,~··--~~-~--~··~-~~~-~-M·~1~-.-·.~~~~~~-.~.1~_-.~~· 
. '-~-· 
I 
I I 
t \ 
\ 
\ 
\ 
'.\ ~) 
0 .~·--
-- I \ \ 
.\ --
.... 0 
\ "" _,. I 
• . \ .... 7"1·-
', \ . \\\\\\'\'. ' .... 
' \ I ,,,,~,.-,'\. . . 
\ \ . ' . \''''"''' . \ / \ ~'''\\\ ...... ----
•. ' I / / / - .:: J • 91 ' \ \ \ '. ' I l I t.l\ 
, oy i I 1 ~-iJ} "" --.JJI 1 , · '. · • , 
, '-'\ , !'-..;_--- /'1 ,, .1'\ / l J ' / / _'./ _____ -_-_---///II: II ;. Lll / . 
.. 
. u. 
'Z 
l 1 / {))1 0// I / ;:.::.::: :::_ ::_./; · ~/, I ;f / / _,~ ::;,, 
\ ~ / (\t• t7\ 1 I ...---::.,/,/' '/ '~~~ / / -- r3 ...._'-· ., 
·I / ., '~ I 1 / r ~- .,., / / / - ...._ ....._ ......._ 
-...... \ c:. I / I I td ; I I I / / / 1 f / / -~. • ~-. - - _ - , -... · '· • . . 
-........ ~ . / I'P / I . / / / I / , / '·- • ...... •• 
! ___ ,_ _ _.... __ , __ 
; ' I l " . / I I I / "7 / / / ; ... - -- .... .,, .... ... . 
s. I r,i_. .' f.·"Vj' I I I / I / l\0 ! . // / / / // _J ....... ,' ... , '.._ '··- ,. ,...-c..-, 
-'\!" 1-1 --r-.1°.<>, ;, , 1 · ; 1 ,., 1 ,. 1 ,. ,. '" ~' ... ..._ '· ... ,.. ,.o 
... ... I ~~ .... - I ' ' I I ' . l . ' / / / l '· '\ -;,. • ...... . ---// / /;• . 
; • I 'r / I • ;::..... , I I ; I I I / -~ . '~· ...... . _., / ,. \ \i\' /, I f. f·,~ .tf i I · I I I ,-- I 1 I / / / . !-., -.., \ -."----- -- / ,. . 
"./ , I ! I ~ '. ~ I I . 'I l ! . I I "---' ! ,~:. , I I / I / . \ . ', "- '- ". ') . ·-. ..: ./' I .... l 
,, i I I 1: . / I"\ I I I - I / I /~ / ! \, ' -j .. - I I ~ I I I ,-; )-. I t' I I \ .' / / / ' ..-; \. -.. ~ '. '- . \ I . -., \ 
,. . I . I I ' " " ,I y 1'\, ... ' ' • t 
•, I I : / I '' ·• 1/ f I l . 1 / ' ,-· / / 1 : ' '\ • '. 1 I l ' 
·- I I I , r ,. I I I ,., , ' ..., . , ' . f I 
' '' .· { ! I I I I I I / I / \)...... -- ..... •. \ \ . -~···- • . ( • .-~ 
..... I. I I '1·1 . /lj-'\._1:; ' • '\'-\'-- I II 
I )'"'.; , ' 1 1 J 1 11! 1 ' ' 1 1 1 / ;:..,"'j cc1 . ~~ , {\ . , ; , . 
: 1/I·J·) / 1,': J.t'l}c /_,t/A. !~11---.._ ~~N 1;;///;;~/··'J\ ---~~ -., \·. ':[~· ·,::; \_ I ]~·I) 
I I \ I 1 I ~I I \.; I I I' t' . ./ / ' / / ' I / / \ (i h. ' \ .. , . I I I I 
I . I I 'I~ I j '·011'1 I (\ ,r---'-·/ I /1/ I .. 1/ . .' -I'-'- ·,·---\--,·---;-·----/ .. - ., ~}- : .... , .. 
I I I I . fi-1. I I' I i 'I I) / '/ ' I / / I / / ---- . ' -. . ' \ \ ' ,-c . / ' r I i 
j I 1\~ I I '1' I ',() / ,.. v . I. I I /I . // ...... I I \ ~~ .\ ' I I I I I' I .I J I I . '-"0 I/ I I I I \ \ l ·- ~ ' I 
I I IiI I I 1,'3:.; ( (;.JJI / ': (9 /.!J/1 /1 '//</,.,.---·---. \\ ·, .\ \ ; t>'- I i I, 
/ / .. / / . I / A f j / j I I I . i // I / ~ I I \ \\ \ ' ! ; i r _),/ / ~ J I . 
/·1 I ( I I~ Y,. I . / I J I .' I I /I /- ·- -. -. I , .11 I 'I I ! ·_....--:~ . I ll J 
'I 1 / ~7. ' / • / r I 1 • ~' 1 J 
• .__1 I ,. I . \ll j I I I I I / I / / ' I ;$ J \ J l ' X ' ! I • I I i 
\ I 1'7. -I I / I I I • I 1.4 I 1/ / // / . ...._ --:----,, '..Z. Vt: .· . ' I I . 
I •>,'0-. '-· ~ I I I I f .' I / / I /I I I I/ I / ·- -- - ' • i! <' II "' I ' ! ' ! I / I I I 
. 1 )- 1 1 r 1. . 1 I , \ ,. · . . 1 /. 1 1 1 / . -. , r "' . t 1" 1\J. • ·•. ~ , , I 11 I I I I ·;\'~ -~-- /-1 I !"~..' / I • . / I I / -...:!.,.,::. .... - ' 1 ~~~· -· I\ I \'\/ I \ ..n-.. . I I 
. 'I ---- \·-- t / t I/#_,~,.."')" ~ ! I \AJ I J·,... . I I \.. I I ':' . . '· . I I I I / I ;.. ,- " ... \ I ' . :.), jt·~ f I I I . . ~-:--- -. I ,.:-, \ 
l • I ~~ • '-.. 1 rt 1 / ._,,/ 1 1 IL ... ' ~; I I ' ' \ \ · ; I I 1 • · l I I - I ! -.../~ "·-..._ ' r /I I / ' ' ')f ·, ' . : • . ,,. - r -.._,.. 1 • .1\ "'- \ C'- \ •,.., 
J I I l I -1 'J- '. J : &-, • I .I_ 'c:/ I I I I I t""" / n I .... l i I ! \ ,~-' I UJ \..1 \ ' a..:? 
.... , ' 1 , • 1 , ,.. r ) 1 '<::. • . ~1 ~ . I 1 I , ,. • • •• , • • , \ rr, 1 ' : 1 1 1 1 I I \ll _) t 1• 1 - I I I j 1 1 ' ,-\2, f :/: / 1 1 ! I ·. .,_ '?.... "'([ ·~~ . ),, 0 / · I I , 1 1 , 1 1 I 1 1 1 ,rv 0 1 "'-o 1 ~ , 11 1 , 1 1 1 .1 ;1 t· _ • , / ;. i • . • 1 i 1 (.. , ,, .-~ o . I '""' I I J ' I '\ tl "i" v• l ' . • {\ ......_ l'·i.'~' I 1; I I I I.·') \ /I ;1 1 1;1 1 /'1; \ ;."'?-{ I I \ ~;,' i ... \(', · ...... 
' I ; 1 ' • I; 1 I · •' 'I . I · I ..o- '. ' \..}' ~ 
n'l >. -J...Jil I I 1 .i· \V -- /N 1;/ 1/ I;;/;-- · \ /i_',:, ·). \ ·. '_ 11~ .. 't,:.J o 
. I 'f7 t-'-..J. I I I : . I ...;; ll I I (I /I; . \ :I:· ! I . 1• \ • -s- \ '· i I; I - I I '; s ~ ~ I • . \ \ '\.f 1·;. I I i '··.;_ t ' . I ;, ; ; / I·'!, . ri-·1-- -t--{ ' . '. ··~ 
, I I~~,.. I /5-::: ........ ;_ . I I ~/l!f;lll/;11 J : ..... ~ ,· I.! \·\ : . \ ·.. . ~ ....... 
I ,j I "' I ·~ '\ / I I I I / I - • I ' . I __ ,., ir 1-...,._( .. 1 I f '--- :"',; 1;, I.'!!~.--- ' I / ,.,;: ; '1'--- \r,rv., ·~'r 
f I I (' I '·-. ' / I ' . I I <.• / I . , ~\ • .f ·, 1..~ 
I I I I I I /A (..., I '•,J..__, I I I I I I I I I ....... \ ' '" I I ~ ' ,, ) • '~-. ·/ . . ·-, · .• 
, , 1 .' , 1 '(.fl 0.t;;t.., , / 
1 1 , 1 1 111, ; , j 1 1 1 3 c: '-)' ! . · ,..;..\ r:~/ .... . '· 
. I I i I I ,.ry 0 '. ...... I I I l;ltl /11 (;_:·,. -; I 't:l:<·g -' ::>/'[; ~) '\/.;..· .. .;.......... ·~-
1 · / 1 I';, 1 1 I I; I 1 r -- _ 1 / _ ' 1 / • • , , • 
,I I I I / I I (\t . It I ,· I ( I II I / If I \) . "1- ;:; .- j I ' I I ,- . I .. \ \ "' C\ I ' 
I I I • \9 ' ' If' I I I I OJ. () - I I I I f • : I .. • ("i ) \.) 0 / ~'/I;/;~;~· l ;t, . /il!.'u· ~J~~~~~~~~~ I;/- fi .--\ / l i ~~.'I ; I! . '!·:'.>: \~~\ ··-. -..:--:: ~. ~ <~ ~ 
• ' ,. '. I I I I I I \) \ ' l . if I ,, ' ' '"' ' ',Y ..., -~~~ : ! .:.~ tO c~! 'I I !If I I I /\._ . . i r I I II I I ., I . I I .}.\ -~~ > 
I . .._. { '\ " - \ I I I I I I ' • J ' : I I • \ ·' • 
I I ~ .. ""_ • , .__;.· I I I I I , I ·I \ , I I . / :::: i ·~ I \ ..... 
1 
I I \..~..L~..;-,..;·--·-:--.. :- I ,., I I I/ I / I I \ I i. I I ! . ( "' ;' --- -l-- __ ; ' -~ 
1 · 1 ·n.. ..- ----;. 1 1 I 1 ; · · 1 ., r u «"' \ · ' .. n 
, 
1 
,+- 1\s\ m r /' 1 'I 1 I / r ':711 '\""l I I · If 1 := \ ~- \ \ · - i) {~~cY~ \-4._ ~l)~~~~~///'1 I 1 1; 1 11 •1·1 I \, \ ---~ .. .oo, \. ~ ~ . s ·~ ~ / '/;. 111'1 II I I I ~ ~-- I I I . J I l_ . - ...... \ '\ \ t .:{} ... ~ .._... / ' I I ' I - ··.·.t-,., . I l ' \ - ·, . 
· -..-..... , -t,.· _ ---- / / I ! I 1 , I I 1 · 1 • 1 / I I · 1 · • .- T -- · i -.... . ., ! \ .... '1 
.. ·~ --.\_JS{,' /111 o' / t11 1' 1 1 . 1 ~ G" (\ 1 1 ; · 1 l :~ I · 0 1 ' • • • • \ •. . .....;:;_--, 1, · I.'~ · i.J\{ r I . .. ' · I "' ' . ~ ~. ' \ C) J ' ~ ... ·fi"'(<./11}\jll/11 / ...- '.:2 I IiI .{ l.'.'IJ'~ I . \ 1\ 0 \'·, 
, .,/J1 .141 1 ;11 ! 1 1 1· •.. /.~' .1:)1 , ,N ~ \ ~.J . / .. "-:... ~ // I I I/ / I I . I . I I I ·l . i I .. 0 \ I r~ I . : \- a. ~ 
' ~~ ·/:.L 1 I . ·. J I · f· 1 1•· .. 
1 
, . ·y I ·1 I • • , \-
,...-t>G 1 1/ '.f .. :.-'; ,/1 / r-... · . £ r -· I 1 . lY 1 · · , . ·:·: ' .I 
_,"' I I; /~;y/1/J.j/~/ ''<. '::'IJ I r r / J 1.1· . I l~\ ,_',• \ } 
.. - ... ~ I I / )\f. _I I 1 I I I " I . I , I I :./ ' I I . . \ . . \" '. \ 
"'fr-.1 l I I /}1 l_g/ II '~ .. b:..' I I I I 1'1 f ..:···,. . - \. I ~ I I I / / -j-.4. y I I I ,J,> i) I ' t_ . \ \ . I 
. (\' \J I; ; I / J I ; t1' ()o 0 ' 0,/ I I ' I r I I , I· \ ' \ N~· I I I I I I '¢ 0 - I ..• I .l I (J I \ I .·I< . -· \ \ 
,-.._, \Y // 1 1~:// I · 0 !\9 , I ~~ \\ ·I /· -...ll \·. 1·1 \ --:J-r.,. · I \ 
I ,1&.1 I I I \' 1 '¥1 I I II I I c::. I l I ,· (\J . I. \ J \ ) '\ 
I /'J /I I t;l II I I! i \ ~ :. 1.:-1 I I '\ ·«; .. '_·{ .. ~·- ·\ (l " &t' . -~ 
/ I I I I 4- ; / I \ \ •I I I \ . . : ··~ . ~ \ 0 '•., . 
:._ ___ ; __ L.LL.-t--t!-L-'t-- I \ . , 1 1 . \ . t \\ , t··. '..:. () . '··~ .... · 
1 1 t-6 f..) 1 , . · · I ', ·. . . '· n .. · .;.. ...... • I 'I I I! r--r ·. ~.11 ., \:\ .\, ·' ... ,. " \.Y I'~~ ... · 
' I I I I .,:...":. . i I. I . \ \ \ \ \ \ ... ' '\ ~ .. ,., .. '.;;t ' ... _ i . : ·. h / ·~ / / I ~ : ,I . : I / ...- - - f '-s ,'1 \ \ \ . \ \\[) i " \ ,. . . = - . t ~-
: T' / ~// ....,_// l I 'I I 1/ ' '' '. \ \ . \' 1'\l: . " . ' .\ :, . : . ...... - -. ~ :' ' 
' '.. / . ·~ I I G \ I ·\ . :. . \. ' ~ \ . )... / i \Y / -i.) / .· / ,,,I~')~ I . \ \ \ \ .\ \ ·. 1', . \ . I' \ ---r::-::1' . I ' . ~~/~/ .,1 / /,~i\)</- I I ~. ~~\ \ \. , ... \ .. .:._,I\. '\ ,.·, . '· \} . l: '. 
I/ - / ~ / !I \V / J -... I . \ ~ \·: \ .. -~. \. \ I ...... , '0 " ·j \ 
' / ~ / ~ )/ // / )."! I r- \, • \.:;·.:: ·'.._r,·\· \ . : ·, \ '{) ' - 0 X \ 
/ / ' /" (l;,' · • • ~. · · "\ · 1 .,. , 1 r, . '"-' 
' . / / '\ . y ' . . . ' ' ·. . . . . \ .,, .... ! /. 
. ·~ 
f 
l 
r 
.!~ 
' t .. 
l 
r 
i 
J 
: l 
i 
:! 
;I 
·l 
.. .J 
·J 
·l 
--"': -::~ 
'j 
'J j 
·l 
l· 
! 
l 
I 
1 
.l 
1 
1 
~~ ' 
1 
L 
' .. 
1 
' 
.. 
I 
·• 
I. 
' 
,) ... 
. t ' 
<f '~ 
.. 
·.t 
'• .. :l 
. '·i . 
't·· .. 
·1 j ' 
.• I. 
~i 
·~f : 
.j 
l 
. ~ 
.? 
: ~ 
:·~ ·ll: 
.. 
l / / _... rJ-.. ...-... I 0 \ . \ ._fX'! .. ,·. \ . ~ • ,>~ . .... o-., o ~.. '3... 
I /. _./ ~ . ...-,. · / . ' . ; >\ · _. :. . \c \ . ;. 1 \ · '\ .. \j · -.. I \ 
. t' 
l I / /--t>-=r· . /..... , I s'·\ ~~9,. . \ . \:· . , . \_ \·. I.·,.!··\ . ·\ \ f ,._ .. ; 7 7 . •. I •. \ .· \ 1 ... \ ·• '\ ' .• · ' I \ \ \ i, 
I • -- / ' . ' ... \. . \ . '\ • \.· ... I: /, ./- · \ " I . \ ' . \ .. \ • · . . \' . ·; \ I · i 
// · -~~---' ~~. ._ \ ,, \•:\\ .·\, ) I 1 .. jl. 
r·--.. ---r· . I .\·· \\- .. , .. ,. ·.·(. ' I ~ / ~~~;:::-.., ·. . . . /'/ \:.\\' :;) :··~ \\ .,. ,/ I // :'1 
' .V V ·-J . " ' (:l. · ·" \ . ) \ I . _... \ / i ...-
1 / . i . . . .:--: \ .. <. \·. \ . :\:. \. I· ':· , \ . \ . -+t- ,' // .--i' . 'l. 
1' - - - - j --·~· ' I I ,., - \, . '\" . ', \. . -~· ·. 11, \ • ::':· \\ ..... \ .(~. p / QL .... _I 
,. ' • • 1 . v ,. . ., \ J 
I 
·-...~----'--' . I • I . . . . . . l '~ \} i ··...sl; . \ 'l " 
'
-· 09 !'--- .G<j 1. ,. ' .. \ .\' -~ . ...-, (' I ,, ., 
.. . >·;_. \ "(J . '·t· I . I \I \ .. ·; 't \ u J /i·~.i ,1'+' 1/" .. ,~-.. . \ j I ' . . "\) . I . . ·. I .I ~~· .<\ . . ' \ 'i . I .• ~.. . I , 'l ; - - ...... I \ " . . . "· . I . ' • ! I 'Y 't -f::t~ . --.- ; 1--. \ \ Q<,. I J . t'·., , ,: .. ·: .!. \ " I i I 
/i--:-- .,... - - - . --*--.._ . / . ("'\ \ \ ,__ ... -;-' i' .I ~ ... :;· . I I ~ 1 
o t ( .. / )' ~ · , -t: ; .... , · ; -~-r ! () · ·: .. I ._ I ~, . , . i • I r:: · / t ·\ 1 
.Lf\ 0-i ,~......- . .) . o -z, .·\ · ...... ·i 11. I.:~() ;: !I ·,1. <\(_/ ./. ·! 1. dl :· 1'· \ · .. -r 
/ ~ (-- -- -v \~ -'!1 '\ t-\.~·\ ! ! / : ; ·~.; / r. .. /~~~\) / \, J~~>~' l 
I- - ·- - . ~ \ ''-J I I: r I : I I o \ i. ll ' . ""1·_.... . -- q 9 d 
- - i .:/! ··i ; . J t,\\ /.. i ·.1 '"i I ,,·"' t .··.:·-':'.=-' .. '-,_; •. l 
-..: .. . ---- .---- --- .. ' I ./.. /. I . .;.1 (. ·~ I \!,; \ ":-', ' ~ ..... ·~o; '! 
\ 
.-- - ..... 
"·.·: 
I 
I 
' 
\ 
' . ' 
' \ \ "\ \ 
', \ I \1\''\''0. '-
' -\ I \''''~'-'--.' \ \ ' ' ' '''-~''' 
' \ / \ \ ,''''''' ,...----
·, \ i / r-~::._-9;' "'\'',1 1 I Ll\ 
' ~-I \ ;'--£) r- --IJII; .-' • 
I '-'\ ' !"---.;-~- / 1 } I' .1'\ 
\ ~ I ) 'l'r-.. /Q 1 1 '_)---: --_~--::-----_; 1 ,'/; ;' // J-~lll I / \...( _I I / I ., / - - - - ~ / l I • I I ) ...... ::.; 
\ \ / (\L- t7)., 1 I /--:;.. / _... 1 ',' ' I/' / -- '3 ,.;) ~ ~ 
·I / " _ ' 1 / r ... / / / _ ...._ ....._ -.. 
- I "' I I I t.;; I . I I /~ ,/ "' " f / . ~ • ~., .- - - ....... ..... '· ----;;:-:--.;:..~ : I // ~·{I 1/ I i 1/ ;' / 1 / // ,. // ··- -·- ....... ,_ ...... , • ' 
' I~-- / 1.-''Y;/ I ,I I ~' I ./;l,o<? I ~~ I ) _/ // _J - -, " ·-, " ,.... ~c.--
-r / / , I ~ '-.. '-.... ""~ .,. / ........ -~ -r-·r-..:._0 -';:>l: 1 / / I 1 I ;·; I / 11· 
1
1 - , / ,'-, ". --:--_~,__ '-, ·, ., ____ / J -' /,-, ,Cl I . t.. 1' 1'.. - I I I 1 ' / ,.. .,. -~. ~ ' \ ... '" . "' ,. 7 f r-,. I I / - ;:--..___:· · ' ·- - -" / -" - \ \.i\ •./- t· J·..: .-1 I 1 : I 1 r I. 1 / f / -" !-, '-- \ , -.. ,__ / ,., 
" I' I I I if.__, J . ·; 1·,, I I . . I I v ! 1' - I 1 / / / \ · , \.._ , "\ ~-- /. / 1 ' '\ -
·'' ~ • ' "'\. ' I I U ' 1 • ' '\. ·J' ..); • I ;~· I I I h--1,( I\ I ' I I . / -I -jl ~~~-, ~ \ " \. ' '· I--~ . I ", ., 
., \ . I I I ' I ,· f, I I I t I .I I 'I I/ /. // _, / y l'' '\ '\, ' \ l •. 
I 1 I I '. ' I . / . I\ '·' \ I 
,, '- I . I { : I ! I '. ' I I I I I / 1- / \) --- -- ,_ :. \ \ . ...:,;,. - ' I • } -·-
.... 1 ' I I I I ' . / / A (\ I • ' ', ~\ ..__ I 'l' I I 
I I' -i ' I I J I I I I I ' I I I I /I. ~J ~ ((;) . . I ' ! \ . J t I ' I ... I I ' ' ' !' 1.1 / !_,.. / .) I \ -~ '·\ \ f 
I I i 'I 7 I I I / .)/ f J (; / 'I I -~ '""" I N / ////I /' / -~·-. - -., ~ \ \ \ ~f\ t.;; '· I ·~- I I 
I . I I \! I 'I ' I I \) I ' ! "'- {\ . ../ I ~ / I ' I / I I_/ \_i\ 'I \ \ -- '\ } I I I 
I I ! 'I I j I ~0 ' I' I , "" ' r--- <.: / I / / / I . . I/ -· - \ - - ~, -\-' ~--. --~L ~- -I i - : --
I I I I \~ I '1li- I. I .1· I ' I 'I u / ' . / I I I I / - ·- - - -. 'i \ \ \ • I -I • / ' I i I t<.; I I ·,of "" . / I /j' f ...... \ \ ~~ ' I !It i<'l ·'· J,/' '-"0 1/ 1 1 ;// .,_,\I i ·-- !. 
. I '\" ( l I I ( .Jj I '/ I . / / ( / --.- \ . \ I I I I I '.-I I ' I I i : 0 . /j - 1; I / I .' -'t / -- . : \ I i ; ,. '- I . i I 
I I . II . I I ), J ', / I' ""I I I _I I I I /. I I I . '. \ I \ ' I : \ ·:).-- I ·;t I I . 
. ( I y J . I / / ' \l I I .... ., !•J I / :-;,r-_ ,''I ·j J. I / / / // r /- -~ -. -. I \) Ll ~~ i ><~ I 'j' / 
-. -_1 J I I / I' \;lj I I } I ' I I// I I / I s I \ l l 4 ' \ ' ! I ' . I ! 1 i 
I I '7 ~ 'I I I / I I I I ' I ;J I I 1/ ; / / / "'- '·~ 1-·:z: . . ' . I I . 
I )·~ ·------ 't/ 'r I .' /-' / ;1;, /lll --------, I r <' ll<:;-1 i J , , • I~ t 
. I ! I ' I I I }~ ,_/ I . \ \ :- : ; . /1/ I I /; / '. \;-.,! i'l) '" iU:, , 1 ~--- I 
I f 1 I I , 1 .,.- 1- / -i 1 5 .( . ' I · / I 1,-.f-,.r- ·· - ' 1 ~' ~ • • \ I ~~, I 1 .(\- -- • 1 t l' 'I 1- ' / ' I I ,., -;· -- . ' ' 'I \AJ I l't- I I I \" I -- ···~- '·' I ;I I / ,·;. ,- - ', I ' _J\ j/.::1 1 l • . --.. :--~-.. \ I -.D \ 
j I 'J 1-,1 .. 1_ ,,<;;;'.,,! --.1~ .. ~-~- I y !jl;// •l't~( ' ! I }.L-.':-,--:._~_ I ,· .J\ <f'. ! \ c-- \ \..., 
I I I I .j ~, .. I J : &-, • - I /.. 'c:/ I I;( I ~, (\ / / !' ' I ! \ -~~-- ' W \> ' C'<:? 
I - , ~· ' I ' I , , r ) I I"' •• -..;.;.I ~ . • I 1 , t , • .. . • \ \ r,, I 1 ' I 1 J I I \ll ) I I, fl -I I I I I 1 ' ,.\2 ~ '/· / 1 • ! I ' ·, ·-':.:,, "'([ •,J · \, 0/ -
I I I I I j J / I I I ,1 tf't 0 'I ,,'_0 I ~ 'I I I ' I I I I I;~--', I /;. i • . ' I 1 \ ~... ( ~-- I~ 0 . 
'I- I I '-<J If' I ' I ' \. ,, '"' I . ., " 
I i .'~ I I I I I /. /1') I I / I I I I / I I I \ /."...,.. { I I \ \ ;' : ... \S I ~ I :I - ,j I i I I I I '. Vi ,_ - -, 'N I I I I I/. I /I ·- . I ! ,' '' l I I . \ ':o.' ~ '·. ' ' ~ '"'6" 
.!'1 I ~I I·---.,...'--.;_' I I I ·• ;'~ /t I I I J I 1/1 I . \ : _!.-.: ! I . \ i \ ':;;.-. \\...;. - . -~~-~~1111-f- ... ,' ;· I I /I!IJ,'I//11 \ _:t~--1---'--+--J ', \ ' '", 
• '\ 
1 
I · ,• ·-. " / I 1 I I / J I ' ' I · '.. · · · ~ ·· · i· I I-~ : I IS'c'--:. . I I ~~~~~~~~l·. I; :.;~< I . J \\ ) \ •• - .. ,...>.. ___ 
' I ,) I ' ' -~ . '\ I I I I ' / I -·I' ' I 1 ' ' • I -- (V 
1
1 1 1 -.... r .. 1 1 1 ~-..... ... J ; 1 1 r • 1 1, ..- 1 1 ,.,, . 1 \ .-- \0 ·., , :,'r r I I r I ··- , ; I . r , I <-· / 1 . , ,:-._ ' I .t , ~..~ 
I 
I I I I I I If\ ~ I '·~J ' I I I I I I I ,_, \ . I 1 I ' ,, ' ' '~- - 'j . ' "-. . I I I I I~ I 1 I / I { } '.'j / : >\ f, · r '• i I I I 0 \ / '/ I I I I I I I C.· '-[ - \~' ' '... \, • '· i '1\, ' ' I I I 1 I I I ... l r 1 •.rr, ' . / c-1 C) • ;/' , ,..__ 
. I I I I '.' 0 ...... I / I I I -;.:,-· -7 '-• <:j :_>; c:-, ( ' \/. • • .,:.·. ·-... .... ' 
f • ' I I I;, I I I I I I I N -- - / -. ) ' I . '\ ' ! ! I I I / I' } (\t I II ; -, /; // I I / I I I \} o,t ;:: .- q I I 1-:- ' I ! \ \ !') I ' : . . 
I I I ' lO I ' ,_ I I IY\. (j - 1 I I f • : I • • l'i) '- ' ... l' I; ; I ·-~' ~ l's· ~~~~~~1, llw :.. . ...... \ -;- I I(\ . I . 'L' .1 \·:. . -..:--- i:·~ o ~ ·,;t I ' I 1 i-..- .• · ,~J, -'ll;ll';r- '1 t J !'-OJ I ,,. , :.'1.'·, ·"·\ .. ~ r- ·- c-: • :.~ . ' I I I •.2) \- I . i t . I I ,, \ :; 
I 1-J-~ ! -•. ' ~ (R i. / I 1/ I I I I I I / . I I I I I I I I 1 .- / ~ ._;: • • ·--......~ • - ' 
I
ll l,i"'r--! .,, _;,'; :;II Iff!; \ I I l'j I h, ly \ \' "U 
,' 1 "Ht-7-.!..;:::-~----~-/ /' 11 I /I /;/ / \ . I ! I 1 .~I- I U ~~;;-- ~\-- --- . . \ ·~ ~,' ~t ,lr\ m \ _ r 1 /}- 1 'I 1 1 I / r 9 l I ~ 1 I I : If 1 :: l '{- \ \ - u 
v ~.~I \Y g; \ ~' ' / l > /I I/ I 1/ I I ! I ; I I q ! \ ~ \ ------.o 0 ~-- \. f;. ~ ~~ '-\)~ ~ /'y,.-1!''; ll'r Ill ;] -l]r..,.., I I I .J I II!_ \~~---\.. \ -\ i .:0. l-~-;t-t,-'----- /If,.-' I'! 11 1 /1 I . I'· I I I I I ·jl >.-T-- '\"~ '\ .! \ F--.1 
I 
l. 
'. 
i 
1 
.l 
J 
1 
1 
~ .. 
·• L l. 
j .' 
I /,~- --~S{,' /fl., b// / /I I . / G"- ~ I I :' ' I I~ ' I 0 \ I I. ~ ~~ •• ' \ • . • --t>_-) ~\ ' 
I 1:'1 ... '1-1~ / I llj/ I I I I I -- \) I I : I I • I ' ../ I \ . \ \) * \- ·. 
t7'· . ' I r I I I "_-- I I 1\ I'. '\\ l I _, I\ e ~ - I / ';:I / '4/ I I I I I I . . ' '·I· •, i \:', \ I 'I 1\J ' \ • ~-
'-' ·, 
1 ~ "-.... ~ / 1 I 1 / J 1 I I J 1 • I . ·/ I . · 0 1 'r- I \- C) l . i . '--.)::~ •/--L I I . I I I' I - . ' ' ' I I ., l . . t- I 
... t?6 / I/ ~.f.-:- 'I / / / / -.. I I-- I . If l lY I \ .. -"I \ • -----~~ 
.·1 
,., I/; /EJ./1 l(~_r----,-1 " I I -' ! J I! J. . I I • •• : \ .. ·r<· 
___ , __ ~// 11 );l;~~1/(/ I ',~!! ... j f./ f ;j_ ·:/.·1 _.\'.· \ \ } -~' .. ~ I . / I ) / _.§' It I ;· .· --lj_t--) i I ' I 1 .. I ! I. f-,- \ I . . \ I . . l :-w I I I I . I -j-4. y I 1,) I ' ! . . ' \ . ' \ --~--Q/11;.;1;11/;l;l/ _:.11'~ ,., f}/_QI __ J .JI ·It·-( hl \ ~ .\)~- · .. ,. ..; \\ .- ........... ·.J 
'--. v / I I 'i.J,; , 0 ';" I \ " . \l I . . .....:.ll \- . I \ ----::;-7-- j \ l I~/ I I I '-l. /I ,1 . I 11 I . I . \: . I . I t I " ' (\j . '. \ - \ ' " ! \, 1 
• ·;- I I I v- f ! I \ ) 1 - I -/ I_: . (1/\ .. .\ . { \ ' . I •l .l' 
I I . <1.~ ;/· . ; ~. ·(· ·,I.... . -.,.·.,J. -.·· ... ~ ·,\ \\ . ...-. .'....... ~·~ ~ ' 
I I' , I 4- . 1 J ~" \ -\ . ·I - l I 1. : , . _ .. ···L- . · -.s-- . r 
/ i J I I -/-- i . I I \ \ \ \ ... \ \ . ' ' 1'•. . " . () " '·~ i .. 'i : 1 ·--7·-,··/~-r;.)J_,;-·-.~:-'-~ ~II.\ \ .. ''<.·\ \ _. -~··-,~ '\. ''-.9 .. '·r:--~~<· ·j 
I/// ·t~( 1:. I 'If -------l .... \ \ ,., .. \ \ ., '\~ •!., ,,',,-;: '...... I' •.· l 
() 1 ' /· · / > t · 1 1 J ,~ ?. \ \ , :-. \\ol " · \ · r . = .._ · f. ~~ 
, I ~ ......, J I . I / ' . I . \ . ' . - ro: " " , ', . ~ ~ // / /. ·t . I- I J! " I G \ \ . ·\ \ -\ 1.. ' .. 1 \ ~ . '1----/;('C-~//. .:~1/ // \,~:~ y / L, \ '. \ ·\ \ j\ . \, I>, \ --t::-;..r 'I',-
f ~ - ?.,.-v: / / '-'ll : ~, /\'-4. ~ \ \ .'-.: \" .. ,---,,,. ' I '. ·,_ [) . ··,' _· . \ 
I I' ,t\ / ' ' . / / ' . ""- \ ' 1:!\1. \ - \ • < . \ , 0 "\ . '-. 0 , 
· "..- Cf~ V 1 , 1 - '· • • -~<: · :'- ()- · ·. \ 1 ·, - _:() :t \ 
" I ; 
·., .;: . 
' J 
. '1 
.,1 
/ / t' / . / ~- \ ~ <X''. -' . \ . -~ \ ~ .,y ' ,., " 0 ! ~ / /' . / / ··J---- / /' / _.) . \ . ~· '. ·. .· -\ ; . \ ---.. , > ,, ' •, u " \il; /. 
/ r/ //; // 1 ~ :;;?.9, · \ .\,.>\ ,·, . \. -'~. :~L-\ \ · \9. '· \ -~ ' 
I I - \ \ . \ .. ; ' . . ; . ~~ \ \ \ I \· , -/ "'\ . ' \ ' . ' \. \ . \ : . \ f I .' 1 
/.·/·-I _,.' \'\11 .\ ..... , .. \.''.\· .. \·y.·\··,. \ i -1· /· ·., 
/ / . ~ - - - '-' ... , . ' . . \ . \ - •• . \• . . . I . ----- / 'I /-----~--T' . . / I . . '\ \''·. . . I . ; . \ / . ~ / . ·.1· 
I -l...(' ~-·~.. ·•j • - f'l' \ (_'~ \ - ' . :- .. ) : ' . • \ ' '\ • / i / ' 
, V V .Z"' ' . - ~ . :: ·\., > . \ I . ;-:~ ;\ · 1 / --i ....- ' 
,... I ·' \ . -:-:. . \ ,; I :1 -·. I. \ • ' \ • -:;,t- .. .'~ ,. / ¥ ! 
"-. l \ . ' 1,. \ L .v·. \.: 1 .. :<.\ I •• j~" " · ·, -.1
. 
-- - rr· -...:.,;· . , . J ~/' 1 · . \ ·. I I -:\ · 1 . . •.•· , I () 1· (' / ~~- " ' 
I 
r-.-: O<J . . '·· .._:-...,-...- ~t- . _' /1. ·-/?!; •. ' 1, : • 1\ l \,' :._:-. !'~ ···\ 'l / ·'fi \ . . ~~' 
, 
1 
. . ____ \ .· .. . I · r.:J. , . ' ~". _~ . .. \1 i u, /~1 . . . . j. 1 1 ·i i I i . . . / ,. ·\ \ --~ ·_ I':~<.! ; ~~· >~~-, ·_ ·: "'{ -,. I ~9 ./4:. . '/ f. \ ,j 
r' - - - . - . ..- ...- -1· Q(' - . • .. ' . • . •. , ( .{ I ' ~ 
-B-'P J -- ' 1 · ~ 1 \ • •. · I. j ·. 1'-.,, .t •·. \ ... :1 t · ' ' . l ) 
' ,--I--- 4.--.....__ ...... . ·(~ \ \ ·:~:,~·{-·;· I· .\ .. ·_·_1. I I I .I t ~ .JI 
! 0 r· . "i. \.- ' \ . .-~ ·'-.... - 1- .· I · 1 ·. "I . I '_ .:, . ' . I · · I ' ' h. il(\ Q ~ -_.--()/_-' ! -7,· .\ ~ .. \!IJI_.;·~--~L· 1_-·'·~·./ .I / , . . , :\ ··! 
I - -1 - - l9 0 C)l L).. . (".'\ . . I ! ' I tO . _,' 1! . \-: ,.-1 
I __. 0 ,· -- -- -:- . .. _Cl 4.· !<... \ 'V \ . . . I . I . . -~ I ,' .··. ·. . . - I • . \ :j·-1- 1\ I'' . f' . -..1;,.--1·1· I 
Iii 1 () ... ,_~:·\ :1 ·I J·: i ·~· ·"·;·~-~· ,.: I-~ . I l'. ~fj;- ..... _ ~1 1 
\Y I I I' \. . \ I' ~ • I - l ' I _..... I· () I - "'-J - - ·j 
. ~-. . I __ - - '-9 . . ~ ~\) ' . . ' . . . .I I ~ I . u·\ i I, : I ,... ..-- .... - l' 
. - ' \ f ! I .. ! . ·. I I ': . f . I i . . . i - . I . ff) I / l' ...- . . q ~·t 
I ~-- ----·-----. j- ;:/·.! ~-~: J :~~~ ·,, i (·-:·I ! \•. \ ..:"' _ .. ,·-·:.:_,_-=:;~'?; { 
-..:---' --- \ f ·/ .·j I)··' .. \ .. ·j I ' ·1· ·v · •. :·-··,./''. /1·-··-.-_· . ....-~...,'/· J., 
.. I 1 • I - I. : :i . . I . I ' I . I . . i I ' "--· • . ,. Y~; l 
-•o9· .oOI L' r -.,:,., .. /. l :1. I ·.I I ·-,·.;::-,.1.1- ;.-
; , I '- :.)- - ' . I I' . I I ' . - <.: \ --- ' 
-----··- .-------- ----L-------·1--+-j-·- -"'---+--.. ·---+----·-----'---·--c--c..;_--..o_.:.L:...__ _ _,.. ./..- ! 
. i I I I 1 .\ .· ·\ • •1 t I I : ••••. - ~- / // 'l 
--
~- ·-. 
\ 
\ 
\ 
.~ __; I I . / i . I . : I .\ _,- _, -- ,.-- I 
"' '" .1[ ~~'. 0 •:~" 1 I 1 ·• I. \ 10 '· --· --· _.;-- --,.. !· . 
.. r: .~~·· l·i. .. ) ':::, i 
::!· ,. <':> -~~ ~ '-.. --~ _:_....· _. 1 
f j 
( 'j 
" I 
I, •. • 
r .• ·• 
. ' 
-···--- __ .._ --· 
> Ql 
~-
I 
I 
I 
I 
i·-
i---- -
I 
l .. 
l l . 
'. I 
t 
! . 
' i 
I 
! ! . 
; 
' --.~. : ..... 
·~: . 
·.·.··. 
,::,..• 
,' • I 
·.:.· 
.•. 
I 
I 
l \ 
:, .. 
' ... 
. ., 
·. ' . ~ 
. ~ " .. 
' .. " ;, ~ . , .. 
: • • ;cd 
· ... 
. .. 
·-· 
·: }': ·. ·.: .· 
.... :· ~ 
::.::· ·.·. 't:.' :. ; " ; ,· ·.··: .·:, 
'· 
': ·• '( .. . ;. · ... - ·, 
.. 
. -,.\ ... 
• • J. 
. .. '· l ••• 
,•. 
~ . . -.. • .. , 
' . ' ~-- . ·. 
... 
' ... t . 
. : ~ .. . ~ . ·~· 
. ' ' ~· 
'.. -~ . : .. , 
' ... -: . ' . ·\',:~ ... ~. 
* j ,, ... 
>-
. ' 
., .. ) 
. ·. 
. "'\ 
. ' 
. ~· .. 
·, I ···.;.: 
' · ...... 
J_· -: ·:- .••. 
',\' 
. ~-·. •' ' 
.. ~ _.! ; " . ' . l 
.• ·. 
. .... ·:. 
i . . · 
~ .- ·, .. ' 
'.; 
. :····!·· 
. '--·, 
' .. 
. ., 
··. :: 
·. -.- ' ·• 
·"·.·· 
.. 
. .':-
·r :. ,: 
~ ' ,, 
·, l". 
1 •••• • 
•" -~: 
•, .. --· 
. ·~: 
-; 
.~ 
..... 
:-. 
. ~· .. ,...,., 
· .. 
..... 
., ' ... 
.,.! . 
/ ' 
' i 
I 
I 
I 
/ 
I 
' I 
/ 
I 
·I 
I 
\ 
. \ 
\ 
\ 
\ 
\ 
0 
'/ 
\ 
\ 
'·-
: ' 
-~-· ~===~. ~~--~--~-
' \ 
,, 
' 
I' I' ,, 
,. 
I 
I 
1. 
I 
I, 
\ 
I 
'I 
I 
I 
... 
•. · .... 
. '. 
·.•, 
·-~ .. 
:il .• · .. 
. · ... '::·'I 
...... 
" .. ·_ . .. :::·-.: ... ~. . 
:..:.---·. ·. . 
.•: -~·. ~ ... ; ~ . : .. 
·.:. 
I, ·. 
;I .. . . '{' ..... ·... -~ . · .. 
i .· J •. :., .: ••• •• : •. : • . (" 
_;·,: .. ): ·.·,.,,.,· --'_,,·.:-. 
I . .. . . . .. ': 
! ' 
I. 
I 
·;. 
! ' 
f. 
t 
l '. 
I 
j: .· 
·, : ~' 
...... 
.i_ 
. ~ .. . 
.. lt, 
\ ., . 
.... 1 
·, 
: ··, -·., ..... ' 
. '· ', 
. :: 
{· 
.. •. 
o. 
-'··; 
... <Y.: ~ .. ' ·.' . 
i 
'. I 
i 
I 
~ 
I 
'I 
\ 
•'•. -.... 
,·'I 
·.: . . I, . .. 
· . ., 
- .. ~ . 
'··' •• i 
'\'. 
- '- . ·, 
--
·, 
.;: . 
·. /i. -... 
I 
' 
' 
' 
I 
I 
I 
--:C 
••»'•nee ...,...._.. 
i 
I 
-· ·--·-
( . 
t·· 
·JuNe \'t1'Z. ·· · 
- . I 
·) 
,., 
.'· ·' .. 
.. 
Ft\..t, voaD~ eeTwEe-r-c. eouLDEct.S 
: .WIT I-( G.rL~IIt U ~A fl. c;ou .• $ • · . . 
· - ( 50U~Ot:.tl, ~·'t-o '?>' MA~lMU~ • } · · 
.,__ ,, J'' \ '~ ~.:~ -.-. .• -:r.-;-f":::'t--. -~ ~ ~:-.. r' -, ----~l"zc 7,.-.:: ,.ji'")"<_;;., r,. F ;:.•.,.-,-·-·--., .. ... _____ 
__ "STR:lf Off- \.00~£: M.0.1ER.IA\ .. 
-- DOWN To ST\ ff GRO~NO 
;ANO _S\.Df"E. To OR#\\t-' • 
. . 
. ···-: i ,• 
... 
. i . 
~ . ' 
--·--- --~-~·.:. KOT ro s~At.e. 
... 
·p rG-o ·r:c·e·-- -r ~---_-:· ~-- ·. 
~ PROPOS cO f)DULO~(<.. El ~L. 
----~H U\ MA.l'\Lr Het q HI 7.~:- e? T A. T e ? ___ -__ _ 
- : .. 1-'-h.H~\...UU • OAI-\L.f I 4-\,6..!N.A\ ~ .. · .. 
--A.~ . ·1. · ... "·.A.,;1-'?I ~ a d 10 
-1 M,.,.r \<\~1' •. :o . . 1 , , '~' 
WALTER LUM ~SSO~IATES, INC. I 
CIVIL. STRUCTURAL, SOilS fNGINEEIIS H . 
.. LIMITATIONS 
In g~ne~al, soil formations are commonly erratic and rarely uniform or 
regular. The boring logs ind:J.cate the approximate subsurface soil 
conditions enco.untered only at the drill holes where the borings were 
made at the times designated on the logs and may not represent conditions 
at other locations or at other dates. Soil conditions and water levels 
may change with the passage of time and cOnl;ltruction methods or improve-
meJ;Lts at the site. 
During construction, should subsurface conditions much different from 
those in the borings be observed, encotmtered; or otherwise indicated, .. · 
we should be advised immediately to review or reconsider ~ur recotnmen ... 
dations in light of the new developments. 
If there .is a substantial lapse of time between the submission of th;i.s 
report and the start of work at the site, or if conditions have changed 
due to natural causes, plan changes, or construction operations at or . 
. · . . .. . 
. . 
adjacent to the site, it is recommended that this report be.reviewed to 
.determine the applicability of the.recommendations considering the. time 
.· lapse and the changed conditions • 
Our professional services were performed, findings obtained and 
recommendations prepared in accordance·with generally accepted engineering 
practices. This warranty is ·in lieu of all other warranties expressed or 
implied. 
